Background: Although men carry a higher risk of hepatocellular carcinoma (HCC) than women, it is still controversial whether men also have a poorer postoperative prognosis. A retrospective study was conducted to evaluate the postoperative prognostic predictors of HCC focusing on sex differences. Methods: We enrolled 516 consecutive adult patients with HCC (118 women, 398 men), who received surgical resection between January 2000 and December 2007, and were followed-up for >10 years. Clinical and laboratory data together with postoperative outcomes were reviewed. Results: At baseline, female patients had a higher anti-hepatitis C virus antibody prevalence (P = 0.002); lower hepatitis B virus surface antigen prevalence (P = 0.006); less microvascular invasion (P = 0.019); and lower alphafetoprotein (P = 0.023), bilirubin (P = 0.002), and alanine transaminase (P = 0.001) levels. Overall, there were no significant sex differences in terms of intrahepatic recurrence-free survival (RFS), distant metastasis-free survival (MFS), and overall survival (OS). However, subgroup analysis showed that women had favorable RFS (P = 0.019) and MFS (P = 0.034) in patients with alpha-fetoprotein ≤ 35 ng/mL, independent of other clinical variables (adjusted P = 0.008 and 0.043, respectively). Additionally, men had favorable OS in patients with prothrombin time (international normalized ratio [INR]) <1.1 (P = 0.033), independent of other clinical variables (adjusted P = 0.042).
Background
Liver cancer is ranked as the sixth most common solid cancer worldwide, with an estimated occurrence of 782,000 new cases each year. It is ranked fifth among cancers in men (554,000 cases/year) and ninth among cancers in women (228,000 cases/year). Approximately 745,000 people die of liver cancer each year, making it the second leading cause of cancer-related death. It is ranked the second deadliest cancers in men (521,000 deaths/year) and the fourth most deadly cancers in women (224,000 deaths/year) [1] . Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer in adults, accounting for approximately 80% of all liver cancers. Development of HCC is largely associated with chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infections, as well as environmental toxins including aflatoxin, alcohol, and cigarette smoking [2, 3] . There is a close geographical correlation between HBV endemic areas and HCC prevalent regions, such as sub-Saharan Africa, China, Hong Kong, and Taiwan [4] . Japan has one of the highest incidence rates of HCV-associated HCC, which appears to be decreasing in recent years, while the incidence in the US has been increasing over the past two decades [5, 6] .
In almost all parts of the world, men are more likely than women to develop HCC, ranging from 1-(Central America) to 4.8-fold (France) [1, 3, 7] . In the Asia-Pacific region, men are affected 1.3-(Japan) to 4.7-fold (Singapore) more frequently than women [8] .
The sex disparity in the development of liver cancer is thought to be due to variations in hepatitis carrier states (more hepatitis B infections in men), follow-up/treatment compliance and exposure to environmental toxins [9, 10] . Androgen/androgen receptor signaling is known to be involved in the initiation of carcinogen-related or HBV-related HCC in men [11] , whereas estrogen has been shown to exert protective effects against HCC through interleukin-6 (IL-6) restraints, STAT3 (Signal Transducer and Activator of Transcription-3) inactivation, and tumor-associated macrophage inhibition [12] [13] [14] [15] .
In Taiwan, which is an HBV endemic region, HBV surface antigen (HBsAg) was found to be positive in around 80% of male patients with HCC in the 1980s, which gradually decreased to~70% by the late 1990s. A similar trend was also found in women [16, 17] . A multicenter cohort study enrolling 3483 patients with HCC in Taiwan between 2005 and 2011 showed that the male-to-female ratios were 6:1 in HBV-related, 2:1 in HCV-related, 3:1 in both HBV/HCV-related and 4:1 in non-B/ non-C-related HCC [18] . The cumulative lifetime incidences of HCC for men and women, who were positive for HBsAg, were significantly different (27. 4% and 8%, respectively) [19] .
Several systems have been proposed to predict the prognosis of HCC, which is more complex than other cancers because of the frequent coexistence of chronic liver disease. The Barcelona Clinic Liver Cancer (BCLC) staging system has shown the optimal independent predictive power of survival when compared with other prognostic systems (Okuda, Tumor-Node-Metastasis (TNM), Cancer of Liver Italian Program (CLIP), Chinese University Prognostic Index (CUPI), Japanese Integrated System (JIS), and Groupe d'Etude de Traitement du Carcinoma Hepatocellulaire (GRETCH)) [20] [21] [22] [23] [24] . The survival of HCC is undoubtedly affected by treatment modality, which is applied according to tumor staging [25, 26] . Notably, none of the prognostic stratification systems have proposed to separate men from women in the evaluation of HCC.
Although sex differences in HCC development risk are well recognized, the prognosis between sexes remains controversial. In a Japanese nationwide survey of 4649 HCC cases, male sex was an independent risk factor for poorer prognosis [24] . Another 12-year single-center series of 704 HCC cases in Japan found a significantly longer survival in women [27] . In an Italian survey of 600 untreated HCC cases, female sex was an independent predictor of better survival [26] . Another Italian study also showed female patients with HCC had longer survival [9] . However, some other series did not demonstrate a sex difference in HCC prognosis [21, 23] . Although female patients with HCC typically present at an older age and with lower tumor burden at diagnosis, female sex was not an independent predictor of survival in an 1886 HCC cases from an American report [28] .
Due to the sex disparity in HCC incidence and controversial issues regarding sex differences in HCC prognosis, it is unclear whether postoperative surveillance and management of HCC require stratification between sexes. To clarify this issue, this retrospective study was conducted to evaluate the postoperative prognostic predictors of HCC that focused on sex differences.
Methods

Patients
The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the Institutional Review Board (201700107B0C501), Chang Gung Memorial Hospital, Taiwan. This retrospective study enrolled 516 consecutive adult patients who were diagnosed with HCC and received surgical resection at Chang Gung Memorial Hospital between January 2000 and December 2007 and had follow-up durations of up to 10 years. HCC diagnosis was confirmed by the pathologic diagnosis of surgical specimens. In our institute, all HCC patients had to be evaluated before surgery to make sure that a clean margin of > 1cm could be achieved. And thus, all our patients had an R0 status. No adjuvant anticancer treatment was given for our patients. Anti-HBV treatment (nucleos(t) ide analogue) was given to chronic hepatitis B patients with serum HBV-DNA levels > 2000 IU/L according to our National Insurance Policy.
Clinicopathological factors evaluated
Radiology, operational findings, and pathology reports were reviewed to determine tumor characteristics, including the largest tumor size (the longest diameter), number of tumors, cirrhosis of the non-cancerous liver, histology grade of tumors (grade I to IV based on Edmondson's grading system), branched portal vein invasion (macrovascular invasion), microvascular invasion, capsule, and ascites. Demographic information was retrieved from the charts, including sex, age, HBsAg, anti-HCV antibody, baseline laboratory data (albumin, bilirubin, prothrombin time [PT], international normalized ratio [INR], creatinine, aspartate transaminase [AST], alanine transaminase [ALT], and alpha-fetoprotein [AFP]). Alcoholism was defined as prolonged alcohol abuse leading to psychological and physical dependence.
Statistical analysis
Continuous data that were normally distributed were reported as the mean ± standard deviation and categorical variables were expressed as number (%). Non-parametric data were shown as the median value (range 
Results
Baseline characteristics between male and female patients with HCC
A total of 516 patients who received surgical resection for HCC were included in this study. Of them, 118 were women and 398 were men. Baseline clinical data are listed in Table 1 . The comparison between female and male patients with HCC showed a significant difference in several etiologies: positive anti-HCV was found in 44 (37.3%) and 91 (22.9%) patients, respectively (P = 0.002); positive HBsAg was found in 70 (59.3%) and 289 (72.6%) patients, respectively (P = 0.006); and alcoholism was found in 3 (2.5%) and 130 (32.7%) patients, respectively. More male patients with HCC developed microvascular invasion (men vs. women, 144 [36.2%] and 29 [24.6%], P = 0.019). In laboratory data, male patients with HCC had higher AFP levels (P = 0.023); higher bilirubin levels (P = 0.002); and higher ALT levels (P = 0.001). No significant difference was found for the other parameters.
Comparison between female and male patients for postoperative prognosis including all 516 patients
Kaplan-Meier analysis was performed to compare postoperative prognosis between female and male patients ( Fig. 1 ). No significant difference was found between the two groups when Log-rank P was calculated (recurrence-free survival: female versus male, mean (95% CI) = 59.5 (48.2 to 70.8) versus 53.1 (46.3 to 59.8) months, P = 0.117; Table S1 Differential prognosis predictors for male and female patients with HCC
As an attempt to identify independent risk factors predictive of postoperative survival or recurrence among male and female patients with HCC and their potential differences, we conducted the analysis separately in male and female patients using the Cox proportional hazard analysis (Additional files 2, 3 and 4: Table S2 , S3 and S4). After univariate and multivariate analyses, it was found that male and female patients with HCC had different sets of independent predictors. The significant independent predictors of intrahepatic recurrence-free survival were microvascular invasion (P <0.001), tumor number (P = 0.039), albumin levels (P = 0.004), and AST levels (P = 0.025) for men; for women, the predictors were microvascular invasion (P = 0.002) and AST levels (P < 0.001) (Additional file 2: Table S2 ). The predictors of metastasis-free survival were microvascular invasion (P <0.001), macrovascular invasion (P = 0.002), and AFP levels (P = 0.032) for men; for women, the predictors were AFP levels (P = 0.002) and AST levels (P = 0.001) (Additional file 3: Table S3 ). The predictors of overall survival were tumor number (P = 0.019) and albumin levels (P = 0.045) for men, and only bilirubin levels (P = 0.008) for women (Additional file 4: Table S4 ).
Survival and AFP levels
Subsequently, we performed subgroup analysis to identify subgroups wherein there was a sex difference in term of postoperative prognosis. When intrahepatic recurrence-free survival was compared between all female and male patients with HCC by Cox proportional hazard model, it was found that there was no significant difference ( Table 2 ; P = 0.118). Subgroup analysis was performed to investigate whether one or more of the subgroups displayed sex difference in terms of recurrence-free survival ( Table 2) . Median values were used as cut-offs for all continuous variables. It was found that in two subgroups, female patients had a favorable recurrence-free survival: patients with ascites (n = 39; P = 0.019) and patients with AFP ≤35 ng/mL (n = 270; P = 0.019). None of the other subgroups showed significant sex differences in terms of recurrence-free survival. When we analyzed the subgroup with AFP ≤35 ng/mL (n = 270), univariate and multivariate analyses both showed sex was an independent predictor of recurrence-free survival ( Table 3) . When distant metastasis-free survival was compared, it was found that there was no difference between sexes (Table 4 ; P = 0.267). However, subgroup analysis showed favorable metastasis-free survival in female patients with lower AFP ≤35 ng/mL (n = 270; P = 0.034). None of the other subgroups showed sex differences in terms of distant metastasis-free survival. When we analyzed the subgroup with AFP ≤35 ng/mL (n = 270), sex remained an independent determinant of metastasis-free survival in both univariate and multivariate analyses ( Table 5) .
Overall survival and PT
Subsequently, we analyzed sex differences in relation to overall survival in various clinical subgroups. Again, it was found that there was no sex difference, in terms of overall survival, when all patients were compared (Table 6 ; P = 0.646). Intriguingly, when subgroup analysis was performed, the subgroup with lower AFP did not show a sex difference (P = 0.923).
In contrast, for the subgroups with shorter PT <12 sec (n = 259) or INR <1.1 (n = 270), male but not female patients with HCC showed a favorable overall survival (P = 0.042 and 0.033, respectively). Kaplan-Meier analysis also supported this finding (Fig.  2) When we analyzed the subgroup with INR <1.1 (n=270), sex remained an independent determinant of overall survival in both univariate and multivariate analyses ( Table 7 ).
Discussion
Women with resectable HCC have different postoperative prognostic predictors from men and have better recurrence-free and metastasis-free survival than men if baseline AFP < 35 ng/mL from this study. Currently, sex is not considered in diverse prognostic staging systems for HCC. This retrospective, long-term postoperative study intended to clarify this issue. The baseline characteristics showed significantly more HCV infections, but less HBV infections and alcoholism in women with HCC, which is the same etiologic spectrum as previous literature, especially in Asian populations, except the Japanese [9, 28] . Higher baseline AFP, ALT, and bilirubin levels, as well as microvascular invasion, were also characteristics of men with HCC, which indicates more aggressive tumor behavior, background hepatic necroinflammation, and poor liver reserves; this would be expected to affect long-term, post-operative prognoses. However, there was no significant difference in intrahepatic recurrence-free survival or distant metastasis-free survival when all female and male patients were compared. After stratification for various clinical parameters, female patients with HCC showed better recurrence-free and metastasis-free survival in those with AFP ≤ 35 ng/mL or those with ascites. AFP is an important biomarker in predicting HCC outcome and is incorporated into several staging systems. However, the recommended cut-off levels of AFP vary. In CLIP, the cut-off level is 400 ng/mL (score 0, 1); in GRETCH, 35 ng/mL (score 0, 2); and in CUPI, 500 ng/mL (score 2) [29] [30] [31] . An AFP staging system sets levels of 10-150, 150-500, and >500 ng/mL for the discrimination of survival, especially in non-cirrhotic cases [32] . Lower AFP levels indicate either more favorable tumor characteristics (microvascular invasion, differentiation), less tumor burden, or non-cirrhotic background, which all imply an early HCC stage. At an early stage of HCC, female sex hormones may exert a protective role, whereas androgen may exert initiation/ promotion effects on the tumor during this phase. In patients with higher AFP, the growth regulatory effects from other signaling pathways, such as tyrosine kinase receptor-related pathways, might play a more important role that masks the effects from sex hormones. Ascites indicates either poor liver reserves, portal hypertension, or portal vein thrombosis, which are all predictors of poor prognosis and is represented as an individual factor (Okuda, CUPI, Advanced Liver Cancer Prognostic System) or Child-Turcotte-Pugh scores in several staging systems (CLIP, BCLC, JIS, etc.) [33, 34] . However, in this operable cohort, only 39 patients presented with ascites. Better prognosis in women than men needs further validation.
Regarding overall survival, the sex analysis paradoxically favors male patients with HCC in the subgroup with good coagulation profiles (PT or INR). The reason for this seemingly contradictory observation is unclear. A possible explanation is that men, usually physically stronger, may withstand repetitive therapies, such as transarterial chemoembolization (TACE) for recurrent tumors over a long duration. Alternatively, androgen has dual but opposite effects on hepatocarcinogenesis: initiation and promotion at an early stage, whereas suppression of metastasis at a late stage, which may explain the longer overall survival in men with good liver reserves [35] .
When the clinical features were separately analyzed in male and female patients with HCC, it is intriguing to discover that for different endpoints (recurrence-free survival, metastasis-free survival or overall survival), different or additional clinical features accounted for HCC outcome in male patients. This reflects the fact that sex itself may exert certain biological effects on the natural course of HCC.
HCC is a sexual dimorphic cancer with male predilection, not only in humans but also in rodents. Sex hormones are expected to play a central role in the sexual disparity of this malignancy. Li et al. found that androgen/ androgen receptor (AR) signaling mediated [15] . The correlation of lower risk and better survival of HCC with longer estrogen exposure in adult women (less parous, delayed menopause, hormone replacement therapy) has been proved in epidemiology studies in different populations [37] [38] [39] . Although animal models and epidemiology studies showed that sex hormones are determinants for the development and outcome of HCC, sex hormonetargeted therapies in HCC did not show a significant benefit over best supportive care [40, 41] . The inconsistency in these results is attributed to inappropriate selection of patients with differential expression of receptors or variant receptors. Furthermore, ER-α66 (wild-type) and ER-α36 (splicing variant) were expressed inversely in non-tumor, non-cirrhotic to cirrhotic and cancerous stages [42] , which enabled ER-α wild-type or variant transcripts in the tumor to be a better staging system for discriminating HCC prognosis than other scoring systems [43] . To understand the mechanism why female sex is associated with favorable postoperative outcome in HCC patients, it is essential to examine the estrogen and androgen levels before and after operation for all patients. It is possible that the sex hormone levels have a direct regulatory effect on HCC growth, or alternatively, host cells altered by long-term sex hormone stimulations could indirectly change the properties of cancer cell growth. In this retrospectively study, however, we were unable to measure the sex hormone levels. Besides, the average age of women with operable HCC in this study was 57.7 of age, indicating most of them were in menopause and thus received less influence from estrogen, which could partly explain the similar postoperative prognosis between males and females.
Conclusions
In this retrospective cohort of patients with surgically resectable HCC, although no significant sex differences were found in OS, RFS and MFS, we found different prognosis between male and female patients, restricted to certain subgroups (in patients with lower AFP ≤35 ng/mL, women showed better recurrence-free and metastasis-free survival; in patients with PT <1.1, men showed better overall survival). The molecular mechanisms underlying this disparity may include interactions between sex hormone-related pathways and other growth-related signaling pathways at different stages of HCC. 
